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A studyhas
andspan-l&ing

SUMMARY

beenmadeoftheapp~cationof
theoryforestimatingthelocal

two-dimensionaldata
loadingcharacteristics

ona sweptwingwithflaps.Estimatedresults,inclu~g localpressure
distributions,spanloadings,andthenonlinearlocalliftcharactek
istics,arecomparedwithsimilarresultsmeasuredat largescaleona
45°sweptlmckwingofaspectratio6 havinga O.&spandoub-latted
flapbothwithandwithouta full-spanslat.

Two-dimensionalpressuredistributionswhencorrected forsweep
werefoundto agreecloselywiththewingpresws formostlocal
sectionseitheronor offtheflap.Thisagreementcontinuedtothe
higherHft coefficientsandevenimprovednearmaximumliftwherethe
flap-inducedeffectsbecameminimized.The,,Weissinger~ methOawas
foundto providereasonablyaccuratespanloadingsforthisswept+
configurationwhichhada relativelyhighlyloadedtypeofflap.Two-
dlmensionalliftdata,togetherwithspan-loadingtheory,affordedquite
accurateestimatesofthelocalnonllnearliftcharacteristics,includiqj
maximumM f%ofsectionsoutboardoftheflapbutwereinadequatefor
inboardsectionsofthewing
controlexercisesa dominant

wherethethree-dimensional
effect.

boundarpl.ayer

INTRODUCTION

Aer@namicloadsonwingswithhigh-lMtdevicesrepresentone
ofthecriticalloadingconditionsrequiringattentioninaircraft
desigu.Sincethenumberofplanformswhichcanbe investigatedexper-
imentallyis obviouslylimited,theimportanceofa reliablemeansof
estimatingsuchloadsisapparent.

Forunsweptplan formstieproceduresofreferences1 ~ 2 have
provideda meansofestimatinglocalsectioncharacteristicsgenerally
consideredquitesatisfactoryformostengineeringpurposes.Thef3e
procedures,whichdiffermainlyinthemanneroftreatmentoftheload–
ingattheflapM scontinuity,involveonebasicassum@ion,namely,
thattheinfI.uenceofthethree-dimensionalcharacterofthepotential
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2 NACATN 3040

flowassoiatedwiththefinitewingisconfinedprincipallytotheEIpan-
loadingcharacteristics;and,hence,thelocalsectionsofthewingcan,
forthemostpart,be relatedtotwo-dimensionalsectioncharacteristics.
Thepracticalityofthisassumptionwasdemonstratedoriginallyin
reference3 forcleanunswepttaperedwings.

Forthecaseofthesweptwing,suchan approachappearedtobe a
logicalpointatwhichtobegina studyofmeansto estimatethelocal
sectioncharacteristics.Accordingly,ananalyaisoftheloaddistri-
butionontwok+ sweptbackwingsofaspectratio6 waspresentedin
reference4 withtheintentofevaluatingtowhatextentthefamiliar
strai@t+ingprocedurehadapplicationto a sweptwing. By slight
revisionofthemethod(i.e.,accountforthereductiondueto sweepof
theeffectivepotentialvelocity),Itwasfoundintheunseparatedlift
rangeto givelocalloadingcharacteristicsingoodagreementwithexper-
imentovermostofthewingspan,theexceptionbeingregionsinclose
proximitytotherootandtip.

Thepurposeofthepresentreportisto extendtheanalysisof
reference4 tothecaseofa sweptwingwithslatsandpartial+pan
flaps.Thesuccessofanysuchload-estimatingproceduredepends,of
course,ontheaccuracyofthespan-loadingtheoryinaccountingnotonly
fortheeffectsof finitespan,butalsofortheadditionalcomplicating
factorsof sweepanda partial-panhigh-llftdevice.Forsweptwings@
moderateaspectratio,themethodofreference5 hasbeenfoundto give
spanloadingsingoodagreementwithexperimentand,hence,isthetheory
evaluatedherein.Two-dimensionaldatarequiredfortheanalysiswere
obtainedin oneoftheAmes7—by 10-footwindtunnels.Pressuredata
onthelarge-scalesweptwingweremeasuredintheAmes40-by80-foot
windtunnelata MachnumberofO.2andReynoldsnumberof8 milllon.

NOTATION

Thedataarepresentedintheformof standardl?ACAcoefficients
whichareapplicableto a full-spanconfiguration.Allpitchingmoments
arereferredto thequarterpointofthemeanaerodynamicchord.

lift
liftcoefficient,—($3

c& rateofchangeofwingMft coefficientwithangleof
attack,perdeg

CD dragcoefficient,~

Cm pitching+omentcoefficient,pitthingmoment
qSE

G
Clc

spanwiseloadingcoefficient,—
2b

.——. —-
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PZ-Ppressurecoefficient,—
!l

sectionlift
sectionliftcoefficient, qc

rateofchangeofsectionliftcoefficient
tion,perdeg

rateofchangeofsectionMft coefficient
attack,perdeg

Reynoldsnunberbasedon~

areaofsemispanwtng,sq ft

spanofcompletewing,f%

withflapdeflec.

withangleof

localchordmeasuredparallelto planeof synmetry,ft

localchordmsa~d normalto referencesweepline,f%

p ,z~
meanaerodynamicchord, 0 ,ft

j“ c ay

centerofpressure,percentchord

free-streamstaticpressure,lb/sqN

localstaticpressure,lb/sqft

free+t~smt~ynamicpressure,lb/sqft

lateralccmrdinate

angleofattackofwing,deg

angleofattackoftw~mensionalairfoils,deg

%~
flaplift-effectivenessparameter—

‘ %~
incrementalvalue

angleof deflectionof flap,measuredparallelto planeof
symmetry,deg

——_—- .-——



4 NACATN 3040

n fractionofsemispan

A sweepangleofthewingquarte~ord line,deg

subscripts

f flap

H.L. hingeline

max maximum

A yawedflow

DESCRIPTIONOFMODELMD AJ?PARATUS

Pertinentdimensionsofthesemispantin@uselagemodelareshown
in figure1. Thebasicwingisthesameasusedintheanalysisof
reference4 andisreferredtothereinastheplainwing. Thewinghad
45°sweepbackofthequarter+ordMne, anaspectratioof 6,a taper
ratioof0.5,andemployedanNAM 64AO1Osectionnormalto thereference
sweepWe. A photographofthetestinstallationis shownin figure2.

Thepartial-panflapswereofthedouble+lottedtypeandcovered
0.4semispanfrom0.18to O.~ semispan,as definedby themidchordllne
oftheflapintheretractedposition.Theleadin~dgeslatetiended
fromthewing-fiselagejuncture(O.14 semispan)tothewingtip. Details
oftheflapandslatconfigurationsareshownin figure3 by a typical
sectiontakennormalto thereferencesweepline,andordinatesofeach
aregivenintable1. Thewingwaseqylppedwith7 pressureorifice
stations,as shownin figure1,witheachstationconsistingofa mini– “
mumof 40pressureorifices.

RESUX!?SANDDISCUSSION

ThisreportdeaM witha simplifiedapproachtotheproblemof
determiningthesurfaceloadingsona sweptwinghavinga partial+pan
hi@–liftflapwhereinall.three+limensionaleffectsaredisregarded,
withtheexcepbionofthoseaccountedforinthespan-loadingtheory.
Accordingly,withinthelimitationsofthedataavailable,an attemptis
madeto demonstratetheextenttowhichloaddistributions,chorllwiseand
spanwise,onthesweptwingconsideredhereincanbe estimatedusingtwo- -
di~nsionaldatacorrectedforsweepandtheWeissingerspan-loading
theory.Studiesofthesetwotypesofloadings,chordwiseandspanwise,
constitutetwodivisionsofthereport.A thirdsectionisdirected

—— .——.



NACATN 3040 5

towarduseof span-loadingtheoryin con$mctionwithtwo-dimensional–
liftdataforestimatingthelocalliftcharacteristicsofsections,on
andofftheflap.

Thelongitudinalforcecharacteristicsforthetwowingcon–
figurationsconsideredhereinarepresentedforrefeiencepurposesin
figure4,whilein figure5 aregiventhetwo-dimensional-liftcharac–
terieticsforthefoursectionconfigurationsinvolvedinthestudy.
Allwingdatausedthroughoutthereportwereobtainedat a Machnuniber
of0.2andReynoldsnumberof8 million,basedonthemeanaerodynamic
chord. Thetwo+Hmensionaldatawereobtainedat a Reynoldsnumberof
4 millionwhichcorrespondscloeelywiththeaverageeffectimReynolds
numberforthewingbasedonthecomponentsofmeanaerod~amicchord
andvelocity,eachtakennormaltothewingquarte~ord line.The
chordwiseloadingresultsinvolvlngcorrelationsof~reasumdistri–
butionandcenterofp~ssureare@ven in figures6 to 9,whilethe
spanwiseloading~d local~tiurve resultsarepresentedin figures
10to 13.

,. ChordwiseIOading

Methodandresults.– Becausethemethodofcorrelationof section
pressuredatawiththelocalloadingsonthewingislasicall.ythessme
asthatdescribedinreference4,itis onlybrieflytiscussedhere.
In orderto excludeanydeficienciesofthespan-loading‘theoryfromthis
chord-loadingphaseofthestudy,theestimatedsectionpressurediagrams
arebasedonmeasuredvaluesoflocal C2 ratherthticalculatedvalues.
Followingsweeptheory,theeffective‘C2 onthesweptwingwhichisto
be relatedto unswepttw~nsional datais

Thetwo-dimensionalpr&surecoefficientscorrespondingto theseunswept
valuesof CZ

A=o‘
be convetiedback

in ordertole comparedto theswefiwing,then,must

to tiwedflowconditions,thus

PA ‘= pA=oX COS2, A

Pressurediagrams.determinedinthismannercorrespondtothosewhich
wouldbe measuredohtheinfiniteairfoilin ~wed flow.

,
Comparison,ofeBtimtedpressuredistr&tionswiththosemeasured

onthewingat sixspanwisestationsareshownin figures6 and7 for,the
flappedwingwithslatsretractedandextended.Forbothconfigurations

— -.—... — ——.. — -. —



6 NACA~ 3040

thecorrelationshavebeenmadefortwoanglesofattack,onenear0°
whereseparationisminimizedandtheothernear C~ to itistratea
typicaldesigncondition.Thetwoindicatedconfigurationsofthewing
involvefou differentcon~gurationsofthebasicwingsection,these
beingtheM 64AO1Oclean,withslats,withaOubk-slOtteaflaps,and
withslatsandflaps.

Loadingat low a.- Correlationsof loadings.at sixspanwise
stationsin figure6 aregivenforanglesofattackofthewingof0°
withelatsretractedand4.2°withslatsextended.Theseanglesrepre-
sentforeachconfigurationthelowestattitudeofthewingforwhich
correlationswerepossiblewiththeavailabletwo+iimensionaldata.As
mentionedear~er,theestimatedpressurediagramsshowncorrespondto
thosefortheappropriateprofileinyawedflowwithno adjustments
beingmadeforchordwisethree+ilmensionalinductioneffects.Conse-
quently,attherootstation(O.17semi’span)wheretheorificestation
Idesbetweentheinboardendoftheflapandthefuselage,it isevident
fromthelackofcorrelationthatthemagnitudeofthechordwise-induced
loadsrendersanyloadingestimate,basedontw~nsional data,value-
lessinthisregion.Hadthewingflapetiendedclearto thefuselage,
t$enpossiblya moresatisfactorycorrelationwouldhaveresultedsince
notonlywouldtheflapextremityhavebeen’eliminatedbutthemagnitude
ofplan-form-routeffeetsverylikelywouldhavebeendominatedto a
largeextentby theflap-loadincrement.

Forthetwostationsontheflap(O.38and0.55semispan),thepres-
suredistributionsmeasuredtwcAimensionaUyandcorrectedto yawedflow
showo@te closeagreementwithexperimentforeitherconfigurationof
theflappwiwing,slatsretractedorextended(figs.6(b)and6(c)),The
largestdiscrepancycanbe seento occuronthetin flapattheInner
station.!I!heestimatedflaploadings,evenatthislowangleofattack,
seemto inticatethepresenceof someflowseparationby theappearance
ofthepressur+recwerycharacteristics.Hence,thedlfferencein load-
ingnotedattheinnerstationcould,arisefromimprovedflowconditions
onthewingflap,asa resultofa boundary-laye~ontrolactionattendant
wi~ spanwis~flowoftheboundary-layerair. At theouterstationon
theflapwheretheboundarfilayeractionisweakened;thecorrelationcan
be seentobe muchcloser.ThedifferenceIn losdingattheinner
stationappearsin figure9 asan8-percentrearwardshiftof localcenter
ofpressure.

Outboardoftheflap,loadcomparisonsareshownforthreestations
at 0.71,0.82,~a 0.92semispan.Estimatedresultsfortheseunflapped
sectionswerederivedfromthepressuredistributionsofreference6 for
theNAcA64AO1Osectionandfromunpublishedexperimentaldataforthis
sectionwiththeslatextended.Thelargestdiscrepancybetweentheesti–
matedandmeasuredloadingslisevidentattheO.71+EnLlspanstationwhere
a portionoftheloadinginducedby theflapis ofthedistributedcamber
tp amountingto a shiftaftin centerofpressureofabout8+ercent
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chord. At stationsfurtheroutboard,thiseffeetvirtuallydisappears,
leavingverycloseagreementbetweentheestimatedandmeasuredresults.

m?nearmaximumlift.—To demonstratetheapplicabilityof
theprocedurefora criticaldesignconditionnearstall,presmm-
distributioncomparisonsaregivenin figure7 foran a of8.4°and
CL of 1.07forthewingwithslatsretractedandforan a of 12.4°and
CL of1.31withtheslatsextended.Itwillbe notedforthesehigh-
liftcomparisonsthatallvaluesof local Cz onthewingforeither
configurationhaveexceededtheappropriatetwo+iimsnsionalcz-
valueswhencorrectedto yawedflow.Sucha conditionisnormalfor
sweptwingswhereithasbeenreasonedthatan effectiveboundary-laye~
controlactionexistsovertheentirespan,beinga maximumneartheroot
anddiminishingspanwiseto‘virtuallyno effectatthewingtip(described
inanalysisofref.4). Recognitionoftheseconditionsobriouslyposes
twoproblemsinthepredictionofmadnumloadsfora sweptwing;first,
ofhowto estimatethe CZU potentialofvarioussectionsofthewing
initially,and,second,lmowingthe CZ- values,howto estimatethe
chordwiseloadingwithavailabletwtiimensionaldatalimitedinthe
c1 rangeas it is. .Theformerproblemwillbe discussedinanother
sectionofthe’reportwhilethelatteris ofirmaetiateconcernhere.
Theliudtedrangeofthetwo-dimerisionaldataindicatesthatsomemeans
ofextrapolationtohighervaluesofliftisnecessaryif correlations
aretobe madenearmaximumlift. Forthecomparisonsherein,different
procedureswerefollowedforthetwowingconfigurationsconside~d.
Withslatsretractedthetwo-dimensionalpressuredistributionsfor
unflappedsectionsarefromairfoiltheoryofreference7,whilethose
fortheflappsdsectionsaresimplythebasicpressuredistributionmeas-
uredtwo-dimensionallyat anemgleofattackof0°withtheadditionof
theoreticalpressuresduetoadditionaltypeMft fortheNACA64AO1O
sectionofsufficientamountto obtainthedesiredcl. Withslats
extendedtheuseoftheoreticalpresmredistributionsbecomesdifficult
to apply.Therefo~,analternativeprocedurewasemployedwherebythe
twtiimensionalpressuredistributionsfortherequiredc1 valueswere
reachedby linearetirapolationsofthetwo+limensionalpressuredata.
Thisprocedurehasbeenfollowedforslattedsectionsofthewing,both
onandofftheflap.

Inspectionoftheseresultsnear C~ foran over-allcomparison
withthePreviousresultbat lowerCL revealsthatonlysmalldiffer-
encesexist,andthese,ingeheral,areinthedirectionofimprovements
inthecorrelation.At therootstationinboardoftheflap,theloading
onthewingcontinuestobe dominatedby three-dimensionalchordwise
loadingeffects;hence,thisregionobviouslyisbeyondtheapplicable
rangeofthissiniplifiedmethod.Bothstationsontheflapwithorwith–
‘outslatsshowgenerallyclosecorrelationbetweentheestimatedand
measu~dresults,thus,signifyingUttle flowseparationatthishigh
CL. Forthethreest@ionsoutboardoftheflap,virtuallyallevidence
oftheinducedcambereffecthasdisappearedatthesehigherliftsasa
resultofthedominanceofadditionaltypelift. Itis clear,therefore,
thattheuseoftwo+iimensionaldataortheorytogetherwithsweeptheory

——.——.———- — .—— —..— ———. ———
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provideda reasonablyaccurateindicationoflocalloadsoverthemajor
partofthiswingforEft coefficientsapproachingthoseforstall.
However,intiewofthesimplifyingassumptionsinvolved,it isantici-
patedsomedifficultywouldle encounteredin estimatingtheloadsclose
tothe3?dOt,tip,orflapJunctures.Theresultshereindemonstrated
sucha difficultyonlyinthecaseoftherootsectionloadbutwerenut
sufficientQ detailedto coverloadingsbeyond92+ercentsemispannor
closerto theflapjuncturesthan+percenteemispan.

Useofstreamwisesectiondata.–JR@ure8 ispresentedforthe
purposeOfbrieflyillustratingtheimportanceofaccountingforthe
effeetsofsweepwhenestimatingthelocalloadlngeovertheflapped
portionsof sweptwings.Thedatashownforthewingweremeasuredat
theO.5~emispanstationwiththeorificesorientedina streamwise
direction.Dataforanglesofattackofthewclngof0°and8° areshown
forconfigurationsoftheslatretractedandextended.,respectively.
Sectiondataforthesecomparisonswereobtainedfromtwo-dimensional
testsoftwosectionsapproximatingthetwostreamwisesectionconfigu-
rationsofthe*g. Fortheseteststhesamebasicmcdelsasusedfor
theprecedinganalysisweretestedwiththeflRp,vane,andslatdeflec-
tionanglesadjustedtovaluesappropriatefortheprofileofthewing
parallelto thefreestream.Obviously,thisisanappradmatlonwhere
theprincipaldeviationinvolvesthesection~ thiclmess.However,
themaineffectofthisdifferencewouldbe to shiftthelevelofthe
pressuresa smallamountwithoutmateriallyalteringthemagnitudeor
dSEtrilmtimofeitherthebasicflaploadortheinducedloadonthe
mainsection.Thesedataarecompareddirectly(uncorrectedforsweep)
withthe~ dataforequalvaluesof c~. Theresultsclearlydemon-
stratea completelackofanycorrelationby thismethai.Thetwo-
dimensionaldatacanhe seento indicateloadsovertheflapandvane
almostdoublethoseforthetinge Consequently,to attatithewing
C2 values,thetwo+immsionalpressuresmustbe obtainedatverylow
anglesofattackwithattentitnegativeloadsontheslatorleading
edge.ofthesection.,It isrecognizedtheonlyavailablestreamwlse
stationontheflapfallsrathercloseto theflapextremity(fig.1)
‘where,itmi@t be argued,endeffectswouldconfusethecorrelation.
Thatthisisnotthecase(orat ieastan insignificanteffectcompared
withthediscrepanciesnotedinthesestreauwise-loadingcorrelations)
isborneoutby theclosecomparisonofthisstresmwise”sectionflap
loadlngopthewinginfigure8 withthecomparablechordwisesection
flaploadingin figure6(c),bothforan a of0°andtheslats
retractedconfiguration.

lkthoaand~sults.- Thethe~reticalloadingswerecalculatedby
theWeissinger~ wthod ofreference5. tithisMthod loadingsfor
arbitraryflapspansinvolvean titerpolationprocedurewhich,forthe
flapconfigurationofthisreport,is illustratedin figure~. In
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part(a)areshowntheloadingsforthefourflapspansforwhichdirect
solutionsareavailable,whileinpart(b)cross+labtedresultsare
givenofthevariationoftheloadingparamsterat givenstations
(O.l+etispanincrements)asa functionof flapspan.A du/d5 value
of0.5wasusedwhichwasderivedfromtheavailabletwo-dimensional
data. Slhtconfigurationdldnotaffectthisvalue.Thecalculated
flaploadingsof figure10are
0.18to O.~ semis= andona
of4P basedonthehi~ne

tan~J&~ =

Thetheoreticalloadings
ofwing CL asmeasurea
incrementalloadingplus
to makeup thetotal ~

near

basedona O.&spanflapextendingfrom
etreamwisesectionflapdeflectionangle
sweepanglefollowingtherelation

ten @Ioml x CoE +H.L.

Ck. weredeterminedforthesamevalues
experimentallyandconsistofthefixed-flap
thenecessaryamountofadditionaltypeloading
required.Theexperimentalloadlngs

undoubtedlycontaina f&ela&interferenc~-effeetbut,in~ew ofan
uncertainy asto theinfluericeofthetunnel-floorboundarylayeronthe
fuselageloaMng,considerationoftheeffecthasbeendisregarded
throughoutthesecalculatedresults.

Comparisonsofexperimentalandtheoreticalspanloadingsforboth
configurationsofthewingaregivenin figure10 for& angleofattack
andforsmangleofattacknear

%
. Experimentalpointsare

indicatedforthesamesixpressure ationsusedinthepressur~
distributionstudy.Thespanwiselocationsof fiveofthestations
orientedina chordwisedirectionhavebeenchosenastheintersection
ofthestationwiththequarte~hordMne, inasmuchas additionaltype
M.ftis centerednearthispoint.Obviously,forlowamglesofattack
thepointselectedrepresentsrathera roughapproximation,especially
forsectionsinvoltingtheflap,butinapproacldng- theassump-
tionbecomesmorejustifiable.

Ioadingat a = 0° (flapBft increment).7 Owingtotheeffectof
a slatontheangleforzerolift,the1-8 atan a of0° forWe
twowingconfigurationsdifferby a smallamount.Thus,in figure10,
onlytheloadingwithslatsretractedstrictlyindicatestheflaplift
increment;integrationofthecalculatedloading(wei@ted%y local
chords)forthiscasegivesa Am of0.62whichcomparesfavorablywith
a ua8ureavalueforthewingof0.59. Withslatsextendedthetheoreti–
calloadingshownhas leen reducedby an”incremental.additional t~
losmq amounttig to 0.04 in ~ asan approximationofthefull.+pan–
slateffect.Thevahe of0.04wasderivedfromthetw~nsional+ilat
resultscorrecteilforsweep.Theresultant@ valuesforthesezero-
angleloadingsare0.58forthecalculatedcomparedwithO.~ msasured.

Thecalculateddistributionsofloadingbasedoninterpolated
resultsatO.l-semhpanincrementsappeartotieinreasonablygoodagre~
mentwiththeexperimentalpoints.Themostnoticeabledeficiencyofthe

———. —— —_____
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theoryisa failureto accountfullyforthediffe~ncein loading
betweenflappedandunflappedsectionsofthewing. Thisdiscrepancyy
mostMkely stemsfroma limitationofthetheory,mentionedin ref-
erence~, inaccuratelyaccountingfordiscontinuoustwistdistributions,
especiallyofthemagnitudeintroducedby therelativelyefficient
double+lottedflap.

Loadingnear C& .– Thespan-loaddistributionsin figure10
includecomparisonsforliftcoefficientsof 1.07and1.31,slats
retractedandextended,respectively,whichcloselyapproachthemeas-
ured

-
valuesof1.17and1.47.It is significantto notethat

at theseh gh liftstheaocuraoyofthetheoryshowsno signofdeteri~
ratingfromthatnotedforthelcwerM ftcase. In fact,withslats
extended,thecorrelationsevenshowsomeimprovementatthishigher
lift.Theobviousreasonforthissuccessistheabsenceofany
Significantamountof flowseparation.Similaraccuracyofthemethal
is obtainableforthiswingwithoutflaps,asnotedinreference4,
althou~inthiscasethe ~ rangeforaccuracydidnotextendas close
to

%
owingtothemoregradualprogressioninboardof flow

separaon.

LocalIiftCurves

Whilepotential-flowcalculationsyieldgenerallyreliablespan–
loadlngresults,suchtheoriesinnotaccountingforviscosity,ofcourse,
cannotprovidefora givenwinganyclueto separationormaximmM ft.
Forstraightwingsthisimportantboundar~layerinformationhasbeen
suppliedquitesuccessfullythroughtw~mensionalexperimentalresults,
as demonstratedin reference2. Withinclusionof sweep,however,the
boundary-layercharacteristicsarealteredsomewhatasa consequenceof
thegreatlyincreasedsmountoflateralflowoftheboundarylayer.By
comparison,then,oftwo+tbnensionalliftdatawiththemeasuredresults
onthesweptwing,itwouldbe expectedsomeJamwledgecouldbe gained
regardingthenatureandmagnitudeoftheviscouseffectswhichulti–
ln8.telyshouldbeusefulinestimatingthestallbehaviorofa wing
approximateingthegeneralconfigurateionconsidered.

Methodaudresults.– Iocalliftdataforbothwingconfi~ations
aregivenin figure12. Foreachofthesixstationsofthewingthere
is also@ven an estimatedMft curve,basedonthetwo-dimensional
resultsof figure~ andspan-loadingtheory.Theestimationprocedure
basicallyfollowsthatdescribedin reference4 whereinthreestepsare
indicated:(a)conversionofthetwo-dimensionalMft curvestoyawed
flowconditions,(b)adjustmentofthelift—curveslopesto accuuntfor
localinducedangle+f-attackcharacteristicsonthefinitewing,and
(c)orientationoftheestimatedlocalHft curvesto thewingangleof
attack.

Forthefirststep,followingthetheoryofsweep,theanglesof
attackandcorresponMngvaluesofliftcoefficientfortheequivalent
yawedinfititewingbecome:

—
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aoA = aoA=~x COSA

.
Next,to accountforthelocalinducedanglesofattackonthefinite
wingand,hence,spanwisevariationin lift+anweslops,theforegoing
yawedinfinitewingMft curveswerethenmodifiedsothattheslopes
inthelinearornearlinearliftrangematchedthosegivenby the
Weissingertheory.1 Thisstepwasaccomplishedby adjustingonlythe
amgle+f+.ttackvaluesandleavingallcorrespondingvaluesoflift
coefficientthesameasthosefortheyawedinfinitewing,thus

x (Ck)yawedinfinitewing
abed = aoA (cb)f~te wingtheorY

c210cd=C2A = c2A=ox cos2A

Tinally,forconfigurationsinvolvingotherthanzeroloadingat zero
wingangleofattack,an additionalstepisrequiredto orientthese
estimatedlocalliftcurvestothewingangleofattack.Theloading
fora givenvalueofwingangleofattack(0°forthiscase)mustbe
computedfromtheory.Fortheflappedsectionsofthewingtheestimated
liftcurveswereshiftedby an incrementinangleofattacksoasto
interceptthecalculatedvaluesoflocal c2 at 0°angleofattack.For
theunfla,ppedsectionsa differentprocedurewouldseemadvisableinview
ofexperiencewithstraightwings.Forthestraightwingithasbeenthe
practiceto increasealltw~nsional valuesof c2,includingc2-,
by someincrementto accountforincreasedmaximumMfts ofthesesec–
tionsfoundto existapparentlyasa resultofthecambe~typeload
inducedbytheflap.Inreference2 a specialcorrectionfactoris
introducedforthispurposeinestimatingthelocalliftcharacteristics
ofunsweptwings.Hereinanalternativeprocedureisemployedwhichis
bellevedtobe generallymoreetraightforwardinapplication,aswellas
moreaccuratefortheswe~ng case.Thisprocednrefortheunflapped
sectionsofthewingcOnSist.sof ficreastigallVd-UeSof c2A by the
incrementinducedby theflapat 00angleofattackgivendirectlyby the
span-loadingtheory.

‘SinceonlylinearsectionliftcurvesareconsideredintheWeissinger
span-loadingtheory,a simplifyingassumptionismadeforpurposesof
theprocedureofthisreport,whereinanyinducedeffectsassociated
withnonklnearitiesin sectionIlftcurvesacrossthespanofthewing
areassum?dtobe smallenou@tobe disregarded.

— .— ._. _ .— — —-.
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Iow-liftcharacteristics.- At lowanglesofattackthedegreeof
correlationshownin figureK?betweenestimatedandmeasuredresults
withrespectto eitherthelevelor slopeofthecurvesobviously
reflectsdirectlytheaccuracyofthespan-loadingtheoryPreviously
diecuasea.WithslatsretracteathetheoreticalS1OP=Sat severalsta-
tionsaresll.@tlyhi@er thanexperiment,givingan over-allC& of
O.O~ compardto a meaeureclvalueofO.056;whereaswith
thereversetrenaiseviaent,withtheoryUnchangeaata
comparedwitha measurdover-allvalueof0.059.

$&x3mumliftcharacteristics.– Theestimatedvalues
le seenin figure12to fallsanewhatshortofexperiment
flappdsectionsofthewing,whileforeectionsoutboard

slatsextendea
c~ ofo.o~

of cz= can
overthe
oftheflap

reasonablycloseagreementie ehuwn.To stutlytheseresultsina ~ttle
moreaetailh anattemptto isolate,ifpossible,someofthefactors
responsibleforthesedifferencesin stallbehaviorbetweenflappedana
unflap~dregionsofthewing,figure13hasbeenprepared.Thisfigure
showsthevariationspanwiseoftheincrementin cl- measureaover
amiabovethetwo-dimensionalvaluecorrectedforsweep.bchaea inthe
figure,alongwiththeincrementsforthetwowingconfigurationofthis
report,isa basiccurveshownsoliclwhichrepresentsthecleanwingwith
nohigh-lifidevices(fromref.4). Intheanalysisofthisreference,
itwasconcluaeathatthevariationspantisein localcl- faunafor
thecleanwingwasindicativeofthestrengthofthenaturalbounaary-
layercontrolassociatewit& eweptback Wgs, the effect being a ~i-

mum atthermt ma diminishinggraduallyspanwiseto Mttleeffectat
thetip. In figure13it canbe seenthattheincrementsin cl- for
bothstationsontheflapofeitherwingconfi~rationmatcholoselythe
clean+dngincrement.Thiswoultiseemto suggestthatthemagnitudeof
theeffectiveboundary-layercontrolinthisregionofthewingisgov–
ernedprimarilybytheplan-formgeometrysinceitisnotmaterially
altered,ewn by such se~re ch~es in section ad effectivemSt as
introducedby a aeflectd flap.Thisinferenceis furthereubstantiateil
by resultsoftestsofthissameplanformincorporatingrelativelylarge
amountsof csmberandtwist(I?ACA64A810sectionwith10°washout)for
whichvirtuallyidenticalincrementsin cl- werefouml(seeref.4).

b thecaseof sectionsoutboardoftheflap,theincrementsinmaxi-
mumliftabove,theyaweainfinite+ingvaluescanbe seento riseabove
theclean+ingcurve,thelargestdifferenceoccurringcloseto theflap
juncture. Thisresult,it seems,illustratestherelativemagnituilesof
thetwoprincipalfactorscontributingtothe c2- incrementsinthis
region,namely,thenaturalboundar~layer-controleffectindicatedby
thecle~ng curvewiththeremainaeroftheincrementbeingchargeable
to camkr loadinginducedbytheflap.

.

Returningtotheestimatedliftcharacteristicsof figure12,some
explanationis seenforthedifferencein accuracyoftheestimatesof
cl- fortheflappeaandUnflappearegionsofthewing. Fortheflaw
pedsectionstheestimateilcurves,asdescribedpreviously,werederives
fromtwo-dimensionalresultsand,hence,fallshortofexperiment
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evidentlyby an amountguvernedbythestrengthofthespanwiseboundary-
kyer flow.Ch?ingtothiseffect,furtherprogressintheestimationof
themaximumliftcharacteristicsof sweptwingsappearsatan impasse
untilsuchtimeas somereliablemeansis foundforpredictingforany
givenwingincrementsin liftsuchas thoseillustratedin figure13.
b thecaseoftheunflappedsectioncl- estimatesindicatedin fi~
ure12,allinfinitewingvalueswereincreased3y theSmountofMft
inducedby theflapat 0°angleofattackofthewing,as givenby span-
loadingtheory;justificationforthisprocedm isbasedona reasoning
thattheflap-tiducedloadscanbe consideredanalogousto cambe~type
loadand,hence,roughlyadditivetothepotentialCT- ofthesection.
Whiletheresultsofboththepressure—distributionstudyofa previous
sectionofthereportandtheincrementalcl considerationsinthis
sectiondonotentirelysubstantiatethevalt~y oftheassumption,the
methodneverthelessprovidesforthiswinga fairlyaccurateindication
ofthecombinedeffectsfromtheinducedpotentialfieldandthethree-
dimensionalbound~la~r controlforsectionsoutboardoftheflap.

CONCJIJSIONS

A studyto determinetheapplicabilityoftwo-dimensionaldatafor
estimatingloadsona sweptbaokwingwithslatsandPartial+panflaps
hasbeenmadeandthefollowingconclusionsreached:

1. Correlationsofwingpressuredatawithtwo-dimensionalpressure
datacorrectedto yawedflowconditionsforprofilesmatchingthesection
ofthewingnormalto thegyartetiordlineindicatedthat:

(a) Forstationsintersectingtheflap,verycloseagreement
withexperimentwasobtainedforeachcomponentoftheflappedsection,
thiscontitionetiendingto Mft coefficientsjustbelowstall.

(b) Forstationsoutboardoftheflap,use of simpleadditional
typslosdinggavegoodagreementwithexperiment,especiallyat lil?k
coefficientsapproachingstalJ.At lowerliftcoefficientstherewas
evidenceofaninducedcanibe~typeloadingfromtheflapwhichwas
restrictedprincipallyto theareaadjoiningtheflapdiscontinuity.

(c) Extensionofa full-spanslatproducedno significant
changeintheforegoingconclusions.

2. Correlationsoftwo+imensionalpressuredatauncorrectedfor
sweepwithmeasundwingdata,eachfora sectionina streamwisedirec-
tionacrosstheflap,revealedno agreementwhatsoever.

3. A s~loading theory(simplifiedliftingsurface)isdemon–
stratedtoprovideforthistingan accurateestimateofthemagnitude
oftheflapincrementalloadingat a . 0°,basedontwc-dimensional
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valuesof da/d5,aswellasa goodincttcationofthedistributionof
spanwiseloaiMng.

k. Quite accurate estimates of CZ= were oltained for sections
outboardoftheflap,basedontwo-dimensionalvaluesof et- cor-
rectedforsweepandadjustedfortheinducedC2 incremsntfromthe
flap.

5= A correlation of the measuredC2= values across the 13pan
of the flappedwimg,with andwithout slats, with those for the wingin
a cleanconditionrevealedmarkedsidlaritiesin stallpattern.The
resuitsappearedto indicatethattheinfluenceofthespanwiseflowof
boundarylayerinalleviatingsepa~tionwithresultantincreasesin
c2- isnotaffectedparti-1.y by drasticchangesin section.

kk2t3AeronauticalLaboratory
NationalAdtisory ~omzltteefor Aeronautics

Moffett Field,Calif.,Aug.19, 1953
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TABLE1.-COORDINATESOFTHEHAT ANDDOUBIZXLUITEDFLAP

[Wationsandordinatesgiven in percent of airfoil ohord]

Station

!
4.68
5.00
5.50
6.00
7.50
10.00
15.00
17.00

(a)-Slat

Upper
orMnate
Sallem
NAOA

6U LO

.E.-US : 0.69

.E.radius:O.@

Lower
ordinate
Sam as

64AO1O
-2.26
-1.36
-.56
-.02
1.05

%
3.95

fiation

o
.15
.30
:%

1.X3
1.77
2.35
2.94
3.53
4.71
5.88
7.06
8.2k
9.41
10.OO
11.~
15.00
20.00
~

(b) Vane

*ationIUpper I
Lower

Orcunate ordinate

o
.42
.83
1.25
1.67
2.0!3
2.92
3.75
4.5/3
:.$

7:(28
7.50

0
.95
1.31
1.52
1.67
1.72
1.74
1.64
1.43
1.13
.75
.28
0

;.E.radius:1.20(centeron
flap chord13ne)

Upper
)1’ainate

o
–*93
-1.14
–1.20
-1*U
-.85
-.36
-.02
.18
.27
.25
.I.l
o

(c) Flap

–1.00
-*37
-.08
.27
.54
.75
1.06
1.27
1.41
1.50
1.’39
1.64
1.65
1.63
1*58
1.55
1.45
1.06
.54
.02

Upper
ordinate

-1.00
–1.56
–1.71
-1.%
+2.10
+2.18
+.29
-2.32
+?.30
-2.26
-2.14
+?.00
–1.88
–1.76
-1.64
-1.58
-1.45
-1.06
-.54
-.02

L.E.IWthlS: O.% (oenteron
flap ohordllne)
P.E.-radiM:O.&

—— —— ————
.

——. . ——--———
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Figure 1.– Dimensions of the semispan wing-fuselage model Including the orifice station
looations.
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Nate: Dimensions given In percent chord (c’) unless otherwise noted. =E=

Ir@lre 3.- Detail.0 of the dat and double-dotted flap aonriguratlonfore aectloanormal. to the
reference sweep liner
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